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READ HEAD ASSEMBLY FOR 
MULTIPLE-WIDTH TRACKS 

BACKGROUND OF THE INVENTION 

The present invention relates to a read head assembly 
for sensing recorded information from tracks on mov 
ing magnetic media, such as magnetic tape, ?oppy disks 
or removable rigid disks, and, more particularly, to a 
magnetoresistive read head assembly for reading infor 
mation from tracks having different track widths. 

Recent advances in the art of magnetic data storage 
have resulted in improved storage densities. Typically, 
such improved storage densities are achieved by use of 
higher track densities in which the recorded informa 
tion is stored in tracks narrower than those used previ 
ously. While it is usually not necessary for magnetic 
data storage drives to be able to write both the newer, 
high track density formats and the older, low track 
density formats, it is often desirable, for devices em 
ploying removable storage media, to be able to read 
both high and low track density formats. This capability 
to read both high and low track density formats may be 
referred to as “downward read capability.” 

In prior art magnetoresistive read heads, the dimen 
sions of the active portion of the magnetoresistor corre 
spond to the width of the track to be read. Due to the 
?xed dimensions of the active portion of the heads, 
these prior art devices are unsuitable for reading more 
than a single, ?xed track width. Although it is theoreti 
cally possible to read a wide track width with a narrow‘ 
track width head, such an arrangement produces low 
output voltages and a greater probability of dropout 
induced errors. The low output voltage associated with 
narrow track width magnetoresistive heads can be com 
pensated by increasing the current; however, this cre 
ates other problems, particularly heating of the mag 
netoresistive element. In addition, high current densities 
can cause electromigration in the magnetoresistive ele 
ment. Further, high currents can cause stray ?elds from 
the magnetoresistive element of suf?cient strength to 
erase the signal stored in the lower density medium. For 
some applications, particularly multi-track tape, heating 
is the limiting factor on the amount of current applied to 
the magnetoresistive element. 

Accordingly, there is a need in the art for a single 
magnetic recording head which avoids the above prob 
lems while having the capability of reading tracks of 
various widths to provide downward read capability. 

SUMMARY OF THE INVENTION 

The present invention comprises a read head assem 
bly for use in magnetic storage devices (such as tape 
drives or disk drives) which employ removable mag 
netic media, such as tapes or disks. 
The read head assembly comprises a sensor element, 

such as a magnetoresistive strip, which extends in a 
direction that is transverse to the movement of a track 
of information recorded on the magnetic media. A cir 
cuit, connected to the sensor element, selectively acti 
vates selected sensing regions of the sensor element to 
read information on tracks having different track 
widths. Preferably, the circuit comprises two pairs of 
conductors connected to the sensor element at respec 
tive locations de?ned by two sets of conductor leads. 
The ?rst set of conductor leads is spaced apart by a 
distance corresponding to a relatively narrow track, so 
as to de?ne a relatively narrow sensing region of the 
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2 
sensor element. The second set of conductor leads is 
spaced apart by a distance corresponding to a relatively 
wide track, so as to de?ne a relatively wide sensing 
region. In the preferred embodiment, the circuit in 
cludes drivers to selectively actuate the sensing regions 
for reading either the relatively narrow track or the 
relatively wide track. Sensing devices, which may com 
prise ampli?ers, sense voltage variations between each 
set of leads to produce signals corresponding to infor 
mation recorded on the magnetic media. 

In use, a magnetic storage medium having a selected 
format (e.g., a high density format) is inserted into the 
storage device and the read head is electrically acti 
vated to sense a track width corresponding to this for 
mat. After reading such storage medium, a magnetic 
medium having a different format (e.g., a low density 
format) may be inserted into the device, and the read 
head is electrically altered to sense a track width corre 
sponding to this format. In such manner, a single read 
head may be used to read at least two different track 
widths. 

DESCRIPTION OF THE DRAWINGS 

These and other features of the present invention may 
be more fully understood through reference to the 
drawings in which: 
FIG. 1 is a schematic illustration of a prior art mag 

netoresistive head, showing an exemplary track of a 
recording medium, such as magnetic tape, positioned 
for sensing by the head; 
FIG. 2 is a side view of the prior art magnetoresistive 

head of FIG. 1, showing the direction of movement of 
the magnetic medium relative to the head; 
FIG. 3 is a schematic illustration of an embodiment of 

the magnetoresistive head assembly of the present in 
vention, illustrating that the head assembly may com 
prise “n” number of pairs of signal conducting leads; 
FIG. 4 is a schematic illustration of an embodiment of 

a magnetoresistive head assembly according to the pres 
ent invention having two pairs of signal conducting 
leads, showing circuitry, in block diagram form, for 
selectively driving one or the other of the pairs of signal 
conducting leads for reading either of two different 
track widths on magnetic media disposed in sensing 
relationship to the head; 
FIG. 5 is a side view of the magnetoresistive head of 

FIG. 4, schematically illustrating the direction of move 
ment of the magnetic medium; 
FIG. 6 is a schematic illustration of an embodiment of 

the magnetoresistive head of the present invention 
which utilizes a center tap, showing a circuit connected 
to read information from a relatively narrow track; 
FIG. 7 is a schematic illustration of the magnetoresis 

tive head of FIG. 6 showing a circuit connected to read 
information from a relatively wide track; 
FIG. 8 is a schematic illustration of an embodiment of 

the magnetoresistive head of the present invention 
which does not utilize a center tap, showing a circuit 
connected to read information from a relatively narrow 

track; and . 
FIG. 9 is a schematic illustration of the magnetoresis 

tive head of FIG. 8, showing a circuit connected to read 
information from a relatively wide track. 



5,107,385 
3 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The read head assembly of the present invention 
transforms magnetically encoded data into electrical 
signals in a manner which is known in the prior art. As 
shown in FIG. 1 of the drawings, a typical prior art 
magnetoresistive read head includes a magnetoresistive 
strip 20 having a single pair of signal conducting leads 
28. A center tap lead 22 is grounded by a ground 26. 
Electrical conductors 30 connect the signal conducting 
leads 28 to a current source which drives the mag 
netoresistive strip 20, and to a voltage sensing means, 
such as an ampli?er 36 which senses changes in voltage 
across the magnetoresistive strip 20. A magnetic tape 
having a track of recorded information 32, is disposed 
adjacent to the magnetoresistive strip 20. The width of 
the track 32 is substantially equal to the width of the 
magnetoresistive strip 20, such that it spans at least the 
distance 31 between the inner edge 27 and inner edge 29 
of the signal conducting leads 28. 
As shown in FIG. 2, the longitudinal dimension of the 

magnetoresistive strip 20 is positioned normal to the 
direction of movement of the track 32, illustrated by the 
arrow 34. 
One embodiment of the present invention is shown in 

FIG. 3. A magnetoresistive strip 40 is positioned normal 
to the direction of movement of a track of a magnetic 
medium. By way of example, the magnetic medium may 
be a tape mounted in a removable tape cartridge and the 
read head assembly may be mounted in a tape drive 
having an opening for inserting and removing the tape 
cartridge. 

In the embodiment of FIG. 3, the magnetoresistive 
strip 40 has a transducing edge 42 which is disposed in 
transducing relationship with the magnetic tape. The 
magnetoresistive strip 40 also has a remote edge 44 
which is spaced a predetermined distance from the 
transducing edge 42, thereby de?ning the height of the 
magnetoresistive strip 40. The magnetoresistive strip 40 
has a length, shown by arrow 46, which extends in a 
direction normal to the movement of the magnetic 
media across the transducing edge 42. The length is 
greater than the minimum track width of magnetic 
medium from which information is to be sensed, and 
substantially equal to or smaller than the maximum 
track width of magnetic medium from which informa 
tion is to be sensed. In this embodiment, a center tap 
lead 50, which is typically grounded, as shown by 
ground 52, is located on the remote edge 44 at the cen 
ter of the magnetoresistive strip 40. The center tap lead 
50 extends from the remote edge 44 in a direction away 
from the transducing edge 40. 
At least two pairs of signal conducting leads are lo 

cated on the remote edge 44 of the magnetoresistive 
strip 40. The ?rst pair of signal conducting leads com 
prises a lead L1, shown by reference numeral 56, on the 
left side of the center tap 50, and a corresponding lead 
R1, shown by reference numeral 58, on the right side of 
the center tap 50. A second pair of signal conducting 
leads is shown by dashed lines to illustrate that any 
desired number of lead pairs may be used to accommo 
date the desired number of track widths to be read. One 
lead L; of the second pair of signal conducting leads is 
on the left side of the center tap 50 and the other lead 
R2 is on the right side of the center tap 50. The lead L2 
is designated by reference numeral 64, and the lead R2 
is designated by reference numeral 68. The ?rst and 
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4 
second pairs of leads are electrically connected to sens 
ing and control electronics by line pairs 60, 74, respec 
tively. The sensing and control electronics comprise (i) 
voltage ampli?ers 150, 152, which sense the voltage 
drop across the line pairs 60, 74, respectively, and (ii) a 
means for selectively applying a driving current to the 
line pairs 60, 74, as illustrated in FIG. 3. 
FIG. 4 shows an embodiment of the present invention 

which comprises a dual track width magnetoresistive 
read head assembly for selectively reading either of two 
different track widths of magnetic media. The narrower 
of the two track widths is designated in FIG. 4 by the 
reference numeral 106, while the wider of the two track 
widths is designated by the reference numeral 100. The 
narrower track 106 has a width TWmi" (shown by 
arrow 108) and the wider track 100 has a width TWmaX 
(shown by arrow 102). The magnetoresistive read head 
assembly includes a magnetoresistive strip 90 having a 
transducing edge 92 and a remote edge 94. It is envi 
sioned that other embodiments having different signal 
conducting lead structure extensions could be used to 
provide a current ?ow through the leads and mag 
netoresistive strip. For example, as is well known in the 
art, the lead structures could be formed so as to overlap 
onto the face of the magnetoresistive strip, as indicated 
by the dashed lines 99 in FIG. 4. 
The strip 90 has an inner pair of signal conducting 

leads 124, 126, an outer pair of signal conducting leads 
130, 132 and a center tap lead 120. The inner pair 124, 
126 and outer pair 130, 136 of leads are connected to a 
driving means and sensing means in a manner similar to 
that of FIG. 3. The center tap lead 120 is typically 
grounded, as shown by ground 122. 
The outermost pair of signal conducting leads 130, 

132 are utilized for sensing the information recorded on 
the larger track 100 of the magnetic media. The inner 
most set of signal conducting leads 124, 126 are utilized 
for sensing recorded information from the narrower 
track 106. By switching the current driving means and 
sensing means between the innermost pair 124, 126 and 
outermost pair 130, 132 of signal conducting leads, the 
effective length of the magnetoresistive strip can be 
varied to provide sensing regions corresponding to 
either the wider track 100 or the narrower track 106. 
When the inner pair 124, 126 of leads is used, the effec 
tive length of the strip 90 is equal to Lmmi" (shown by 
arrow 110), which corresponds to the narrower track 
106. When the outer pair 130, 132 of leads is used, the 
effective length of the strip 90 is equal to Ltwmax (shown 
by arrow 98), which corresponds to the wider track 
100. 

In FIG. 4, the driving and sensing means includes a 
?rst set of drivers 140, a second set of drivers 142 and a 
means 148 for selectively applying a drive current to the 
drivers 140, 142. The ?rst set of drivers 140 are electri 
cally connected by lines to drive the inner set of signal 
conducting leads 124 and 126, and thereby activate the 
portion of the strip 90 between the leads 124, 126 to 
provide a sensing region corresponding to the narrower 
track 106. The second set of drivers 142 are electrically 
connected by lines to drive the outer set of signal con 
ducting leads 130 and 132, and thereby activate the 
portion of the strip 90 between the leads 130, 132 to 
provide an extended sensing region for the wider track 
100. The means for selecting applying a drive current 
148 enables the drivers 140, 142 to selectively apply a 
drive current through either of the two pairs of signal 
conducting leads 124 and 126 or 130 and 132. 
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The magnetoresistive head assembly of FIG. 4 also 
includes signal sensing means which are electrically 
connected to each set of signal conducting leads. Specif 
ically, the sensing means comprises an ampli?er 150, 
electrically connected between leads 124 and 126 to 
sense voltage variations, and an ampli?er 152, electri 
cally connected between signal conducting leads 130 
and 132 to sense voltage variations between these leads. 
Each ampli?er 150 and 152 has an output which is 

connected to a switch 154 having an output terminal 
156. When reading the narrower track 106, the switch 
154 is positioned to connect the ampli?er 150 to the 
output terminal 156. The means 148 for selectively ap 
plying a drive current is enabled to drive the ?rst set of 
drivers 140 to apply a drive current to the inner pair of 
signal conducting leads 124 and 126. The ampli?er 150 
senses voltage differences across the leads 124, 126 
(which are representative of the information contained 
on the track 106), and produces an output signal for 
transmission through the switch 154 to the output termi 
nal 156. 
When reading the wider track 100, the switch 154 is 

positioned to connect the ampli?er 152 to the output 
terminal 156. The second set of drivers 142 is enabled by 
the means 148 for selectively applying the drive cur~ 
rent, and a drive current is applied across the outer pair 
of the signal conducting leads 130 and 132. The ampli 
?er 152 senses the voltage differences across the leads 
130, 132 and produces an output signal for transmission 
to output terminal 156. 
FIG. 5 is a side view of the magnetoresistive strip 90 

of FIG. 4, showing the right most signal conducting 
lead 132 and the thickness thereof, designated by “T.” 
The direction of movement of the magnetic media rela 
tive to the strip 40 is shown by arrow 153. In the em 
bodiment illtstrated in FIGS. 4 and 5, all sets of the 
signal conducting leads and the center tap lead lie in the 
same plane. 
FIGS. 6 and 7 further illustrate the driving and sens 

ing functions of the magnetoresistive strip 90 of FIG. 4. 
In FIG. 6, the track width being sensed is of the nar 
rower track 106. The ?rst set of drivers 140 (shown in 
FIG. 4) apply a drive current to signal conducting leads 
124 and 126. The drive current ?ows into the leads 124, 
126 and through the strip 90 to the grounded center tap 
120, as illustrated by dashed arrows 160 and 162. The 
voltage across the active portion of the magnetoresis 
tive strip 90 between the signal conducting leads 124 
and 126 is sensed by the ampli?er 150. The output of 
ampli?er 150 represents recorded information sensed 
from the track 106. 
FIG. 7 illustrates use of the magnetoresistive head 

assembly for sensing recorded information from the 
wider track 100. In the embodiment of FIG. 7, the sec 
ond set of drivers 142 (shown in FIG. 4) applies a drive 
current to outer signal conducting leads 130 and 132. 
The current flows from the leads 130, 132 through the 
magnetoresistive strip 90, as shown by dashed arrows 
168 and 170, to the center tap 120, which is grounded. 
The ampli?er 152 is connected across leads 130 and 132, 
and produces an output signal representative of the 
recorded information on track 100. 

Electrically, the variation of the voltage drop across 
leads L1—R1 and the second set of leads L2-R2 across the 
magnetoresistive strip is responsive to the recorded 
information on the track being selectively sensed. 
FIG. 8 illustrates the driving and sensing functions of 

a magnetoresistive strip not having any center tap lead. 
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6 
In the embodiment of FIG. 8, the magnetoresistive strip 
is utilized to sense information from a track 208 having 
a narrow width. The magnetoresistive strip includes a 
?rst set of signal conducting leads 194 and 196, which 
are electrically connected to the magnetoresistive strip 
to provide a sensing region 180 therebetween. A cur 
rent is applied through lines 202 and 204 to the ?rst set 
of signal conducting leads 194 and 196, causing a cur 
rent ?ow therebetween, as shown by dashed line 206. A 
sensing device, such as an ampli?er 210, is connected 
across signal conducting leads 202 and 204 to sense 
variations in the voltage of sensing region 180. The 
output signal from ampli?er 210 represents the sensed, 
recorded information from track 208. 
The magnetoresistive strip of FIG. 8 has additional 

sections, shown by dashed areas 182 and 184, which are 
typically not utilized when reading the narrower track 
208. However, as shown in FIG. 9, these additional 
sections provide the magnetoresistive strip with the 
ability to sense information from magnetic media hav 
ing wider tracks. In the embodiment of FIG. 9, the 
extended sections 182 and 184 include a second set of 
signal conducting leads 198 and 200. The extended 
sections 182 and 184 effectively lengthen the sensing 
region 180 to provide a longer sensing region 226 for 
reading a wider track 246. The signal driving means 
apply a drive current to signal conducting lead 198 and 
the current passes through the sensing region 180 to the 
other signal conducting lead 200. The current flow is 
illustrated by dashed lines 228. A sensing device, such as 
ampli?er 248, is connected across leads 240 and 242 to 
sense the variations in voltages. In the embodiment of 
FIG. 9, the magnetoresistive strip has a center line, 
shown generally as 234, and the lead pairs of the mag 
netoresistive strip are symmetrically located with re 
spect to the center line, such that the leads 240 and 242 
are spaced from the centerline by the same distance and 
the leads 194 and 196 are spaced from the centerline by 
the same distance. 

In the embodiments of FIGS. 6, 7, 8 and 9, the mag 
netoresistive strip is adapted to read either of two differ 
ent track widths. However, it will be understood that 
virtually any number of sets of signal conducting leads 
could be utilized to accommodate the desired number of 
track widths from which recorded information is to be 
sensed. Thus, depending upon the number of pairs of 
signal conducting leads and the length of the mag 
netoresistive strip, a magnetoresistive read head assem 
bly utilizing the teachings of the invention can be used 
to sense information from a wide variety of track 
widths. 
The preferred application for the magnetoresistive 

read head is in a tape drive system which has a capabil 
ity of reading different magnetic tapes each having a 
different track width. Those skilled in the art will, how 
ever, recognize that the invention is applicable to other 
types of recording media such as magnetic disks. More 
over, it is to be understood that the constructions illus 
trated above represent only presently preferred embodi 
ments of the invention, and that various modi?cations 
and additions may be made to those embodiments with 
out departing from the scope and spirit of the present 
invention. 
What is claimed is: 
1. In a magnetic storage device, a read head assembly 

for sensing information from tracks of different width 
on magnetic media, said read head assembly compris 
ing: 
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a sensor element for sensing information recorded on 
tracks of magnetic media, said sensor element being 
comprised of a strip of material which is magneti 
cally responsive to said magnetic media; and 

a circuit, connected to said sensor element, for selec 
tively electrically activating ?rst or second contig 
uous portions of said strip of magnetically respon 
sive material corresponding to ?rst or second track 
widths, respectively, thereby permitting said sen 
sor element to read information from magnetic 
media having tracks of said ?rst track width, or 
magnetic media having tracks of said second track 
width. 

2. In a magnetic storage device, a read head assembly 
for sensing information from tracks of different width 
on magnetic media, said read head assembly compris 
ing: 

a sensor element for sensing information recorded on 
tracks of magnetic media; and 

a circuit, connected to said sensor element, for selec 
tively electrically activating ?rst or second por 
tions of said sensor element corresponding to ?rst 
or second track widths, respectively, thereby per 
mitting said sensor element to read information 
from magnetic media having tracks of said ?rst 
track width, or magnetic media having tracks of 
said second track width, said circuit comprising 
?rst and second pairs of conductors connected to 
said sensor element, at respective ?rst and second 
pairs of locations, said ?rst pair of locations being 
disposed between said second pair of locations. 

3. The device of claim 2, wherein said locations are 
de?ned by conductor leads on said sensor element. 

4. The device of claim 2, wherein said circuit com 
prises means for sensing voltage variations across said 
pairs of conductors. 

5. The device of claim 4, wherein said means for 
sensing comprises an ampli?er. 

6. In a magnetic storage device, a read head assembly 
for sensing information from tracks of different width 
on magnetic media, said read head assembly compris 
ing: 

a sensor element for sensing information recorded on 
tracks of magnetic media, said sensor element com 
prising a magnetoresistive strip; and 

a circuit, connected to said sensor element, for selec 
tively electrically activating ?rst or second por 
tions of said sensor element corresponding to ?rst 
or second track widths, respectively, thereby per 
mitting said sensor element to read information 
from magnetic media having tracks of said ?rst 
track width, or magnetic media having tracks of 
said second track width. 

7. In a magnetic storage device, a read head assembly 
for sensing information from tracks of different width 
on magnetic media, said read head assembly compris 
ing: 

a sensor element for sensing information recorded on 
tracks of magnetic media; and 

a circuit, connected to said sensor element, for selec 
tively electrically activating ?rst or second por 
tions of said sensor element corresponding to ?rst 
or second track widths, respectively, thereby per 
mitting said sensor element to read information 
from magnetic media having tracks of said ?rst 
track width, or magnetic media having tracks of 
said second track width, said circuit comprising 
drivers for selectively activating either said ?rst 
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8 
portion or said second portion of said sensor ele 
ment. 

8. A method of reading information from magnetic 
storage media, comprising: 

positioning a ?rst storage medium having a ?rst track 
width for sensing by a read head having a mag 
netoresistive strip; 

relatively moving said ?rst storage media and said 
read head to sense said information; 

electrically altering said magnetoresistive strip of said 
read head to sense a second track width, different 
from said ?rst track width; 

positioning a second storage media having said sec 
ond track width, different from said ?rst track 
width, for sensing by said read head; and 

relatively moving said second storage media and said 
head to sense said information. 

9. A magnetoresistive read head for sensing recorded 
information from different moving magnetic media 
each of which has information recorded on a track 
wherein the track on each media has a different width, 
said magnetoresistive head comprising: 

a magnetoresistive sensor adapted to be positioned 
normal to the direction of movement of a track on 
a selected one of the different moving magnetic 
media so as to be in a transducing relationship 
therewith, said magnetoresistive sensor having 

a magnetoresistive strip terminating in a ?rst end and 
second end and extending in a direction normal to 
the movement of the selected one of the different 
magnetic media, said magnetoresistive strip having 
a geometrical dimension between said ?rst end and 
said second end which is substantially equal to a 
maximum track width of information recorded on 
one of the different magnetic media from which 
information is to be sensed; and 

two pairs of signal conducting means operatively 
attached to the magnetoresistive strip wherein one 
pair of said two pairs of signal conducting means 
de?nes an inner sensing means having a selected 
distance therebetween which is substantially equal 
to a minimum track width of the different magnetic 
media from which information is to be sensed, and 
the other pair of said two pairs of signal conducting 
means de?ning an outer sensing means and spaced 
relative to each other so as to have said one pair of 
said two pairs of signal conducting means therebe 
tween, said other pair of said two pairs of signal 
conducting means having a spacing therebetween 
which is greater than said selected distance and 
which is substantially equal to the maximum track 
width. 

10. The magnetoresistive read head of claim 9, 
wherein said magnetoresistive strip has a transducing 
edge and a remote edge and wherein said two pairs of 
signal conducting means each have a signal conducting 
lead extension positioned adjacent to the remote edge 
and each of said signal conducting lead extensions are 
operatively connected across at least a portion of the 
magnetoresistive strip extending between the remote 
edge and the transducing edge. 

11. The magnetoresistive read head of claim 9, fur 
ther comprising: 

a center tap lead operatively attached to the center of 
said magnetoresistive strip. 

12. The magnetoresistive read head of claim 11, fur 
ther comprising: 
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means for selectively applying a drive current 

through a selected pair of said two pairs of signal 
conducting means and said center tap lead for es 
tablishing current ?ow though the magnetoresis 
tive strip wherein current ?ows through each one 
of the pair of said two pair of said signal conduct 
ing means to said center tap lead. 

13. The magnetoresistive read head of claim 12, fur 
ther comprising: 
means operatively connected to a selected pair of said 
two pairs of signal conducting means for sensing 

' voltage variations across the magnetoresistive 
Strip. 

14. The magnetoresistive read head of claim 13, 
wherein said sensing means includes at least one ampli 
?er. 

15. The magnetoresistive read head of claim 9, fur 
ther comprising: 
means for selectively applying a drive current 

through a selected pair of said two pairs of signal 
conducting means for establishing a current ?ow 
through the magnetoresistive strip. 

16. The magnetoresistive read head of claim 9, fur 
ther comprising: 
means operatively connected to a selected pair of said 
two pairs of signal conducting means for sensing 
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10 
voltage variations across the magnetoresistive 
strip. 

17. The magnetoresistive read head of claim 16, 
wherein said sensing means includes at least one ampli 
?er. 

18. The magnetoresistive read head of claim 9, fur~ 
ther comprising: 

sensing means operatively connected to each pair of 
said two pairs of signal conducting means for sens 
ing voltage variations, said sensing means including 
means for producing a separate output signal for 
each pair of said two pair of signal conducting 
means and a switching means operatively con 
nected to said sensing means for passing an output 
signal from a selected one of said two pair of signal 
conducting means. 

19. The magnetoresistive read head of claim 18, 
wherein said sensing means includes an ampli?er for 
each pair of said two pair of signal conducting means 
and wherein each ampli?er produces electrical output 
signals and wherein said switching means includes input 
means for receiving the electrical output signal from 
each ampli?er and includes enabling means for selec 
tively passing one of said electrical output signals ap 
plied to the input means from each ampli?er. 

‘ t it i t 
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